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Experimental section.

Dynamic SBS setup:
Controlled flow-rate filtration was performed introducing the CAAO membranes in commercial Teflon filter-supports. Filtration flow-rates were controlled using programmable KDS-210 multichannel syringe pumps. To avoid the membrane occlusion by dust or undissolved reagents, the reagent solutions were systematically filtered through 200 nm Fluoropore membrane filters (Millipore). These filters were placed just before the Teflon supports holding the CAAO membranes. Membrane A side was systematically placed in such a way to face the reagent flow (see scheme below).
Gas sorption measurements
The isotherms were recorded at equilibrium for several relative pressure (P/P 0 , P 0 = saturated vapor pressure) in a large range of P/P 0 (10 -7 to 1). The specific surface area were determined by physisorption of N 2 at 77 K using the standard BET method 1 assuming a monolayer coverage of N 2 and a cross-sectional area of 16.2 Å 2 /molecule. The BET assumption is a priori non-valid for microporous solids over the usual range 0.05 < P/P 0 < 0.25 but it can be used if care is taken to choose a suitable pressure range for which the BET analysis can be applied. As required by Snurr 2 and Rouquerol, 3 the pressure range selected should give increasing values of V (P 0 -P) with P/P 0 . Hence, five points with pressures P/P 0 < 0.04 were used for BET analyses of HKUST-1 functionalized membranes.
The total surface area S t is assumed to be equal to S BET . The total pore volume was estimated directly from the isotherm at P/P 0 = 0.99. The mesopore volume V M , the micropore volume V m , and the external surface area S ext were obtained using the α s -plot method. [4] [5] [6] The macroporous Polygoprep ® 1000-50 silica gel (Macherey-Nagel) with S BET = 29.8 m 2 ·g -1 was used as a reference adsorbent. The presence of linear segments on the α s curves indicates that, in the pressure range of the study, the course of adsorption on a given sample is the same as the course of adsorption for the reference adsorbent. Both the slope of these linear segments and the intercept can thus be used to estimate the volume and the surface area of the external and microporous part of the sample. Since the mesoporous part is minor and represents a quite broad distribution of pores, V M and S M were estimated from the BJH calculations. 7 The micropore diameter for HKUST-1 functionalized membranes was also estimated from adsorption isotherms using the Horvath-Kawazoe method with a cylindrical-shape pore geometry (Saito-Foley).
Composite materials reactivity towards CO 2 , CH 4 , CO and N 2 was analysed by recording the adsorption isotherms at 298, 287 and 273 K using the same analytical apparatus.
This allowed calculating the isosteric heat of adsorption by applying the Clausius-Clapeyron equation:
where ΔH is the heat of adsorption, P the pressure, R the gas constant and T the temperature.
Preparation of bulk HKUST-1:
Bulk HKUST-1 was prepared following a known procedure. 8 
Tables
Sorption selectivities and heats of adsorption determination
Sorption selectivities were calculated using a dual site Langmuir equation for CO 2 and CO isotherms. [10] [11] [12] Perfect adjustments were obtained using this model equation, in agreement with different energy interactions with the material surface for these gases. Nevertheless, the fact that one contribution largely dominates when saturation capacities are considered means that the material presents nearly homogeneous adsorption sites (see Table S2 ). For other gases, no specific interaction occurs since a single Langmuir isotherm of Henry-type is enough to fit the isotherms. Corresponding Henry constants were used to evaluate the selectivity for CO 2 at zero coverage. Values found for this gas over CO, CH 4 , O 2 and N 2 are given in Table S3 . The unexpected selectivity observed for CO at low loadings when compared with the bulk material is ascribed to the platinum film deposited on the membranes external faces to enable selective MOF growth into their channels. [13] [14] [15] Selectivities evidenced for CO 2 over N 2, O 2 and CH 4 are in good agreement with the ones reported for the bulk HKUST-1. Electrostatic interactions of CO 2 with this latter material are dominated by the high quadrupolar moment presented by this gas molecule because copper metal sites behave as weak Lewis acids and are often hindered or not accessible in the activated material. 14, 16 The weak quadrupolar moment of N 2 and O 2 explains their very low affinity for this MOF as a bulk, and, therefore, the high selectivity for CO 2 vs N 2 and O 2 shown by HKUST-1 loaded membranes (Table S3 ). A higher adsorption capacity is also observed for CH 4 over CO despite the absence of any dipolar or quadrupolar moment for CH 4 . When the material pores are progressively filled, dispersion interactions occur and the large polarizability of CH 4 results in a significantly higher adsorption as compared with CO. CH 4 adsorption is however much lower than the one observed for CO 2 . CO 2 , CO and CH 4 heats of adsorption were determined with the Clausius-Clapeyron analysis by recording isotherms at 273, 287 and 298 K. As expected, both the adsorption capacity and the electrostatic interactions increase as the temperature is lowered. At 298 K (Fig. S19) , the enthalpy at zero coverage is -23 kJ mol -1 for CO 2 . This value is in good agreement with literature data. 14, 15, 17 Together with the slight decrease observed as a function of loading, it indicates moderate interaction of CO 2 with the open metal sites like for pure HKUST. The higher isosteric heat at low coverage exhibited for CO is probably due to its dipole, which favours stronger interactions of this gas with the metal centers than for CO 2 , but a significant contribution probably comes from platinum films, as suggested above. For CH 4 , decrease of the enthalpy as a function of loading is also observed. The energy is lower than for CO and CO 2 , in agreement with the lower affinity and capacity for CH 4 vs CO 2 .
